We conducted two experiments to determine whether the efficacy of chromium picolinate (CrP) on growth performance, carcass composition, and tissue accretion rates is dependent on the lean gain potential of the pigs. In Exp. 1, 40 barrows (20 from each of two genetic backgrounds; two pigs per pen, five pens per treatment) were fed a fortified, corn-soybean meal basal diet (.95% lysine from 19 to 55 kg BW; .80% lysine from 55 to 109 kg BW) without or with 200 mg/kg of Cr from CrP. The addition of Cr had no effect on performance, carcass measurements, or accretion rates of carcass protein or lipid, regardless of the lean gain potential of the pigs. In Exp. 2, 60 group-penned pigs (three pigs per pen; five pens per treatment) were fed a fortified, corn-soybean meal basal diet without or with 200 mg/kg of Cr from CrP from 21 to 104 kg BW. Within the dietary Cr treatments, half of the pigs received daily injections of 3 mg of porcine somatotropin (pST) from 54 to 104 kg BW. The pST administration resulted in faster growth rates ( P < .007), improved feed efficiency ( P < .001), increased longissimus area ( P < .001), and decreased 10th-rib backfat ( P < .001). Administration of pST also increased the percentage and accretion rate of carcass protein ( P < .001) and decreased the percentage and accretion rate of carcass lipid ( P < .001). The addition of CrP to the diet had no effect on any variable measured in either the untreated or pSTtreated pigs. In these studies, Cr was ineffective at altering the composition of the carcass and its effects were not dependent on the pig's potential for lean gain.
Introduction
were first to demonstrate a large improvement in the carcass composition of swine as a result of feeding supplemental dietary Cr in the form of chromium picolinate ( CrP) . Other studies also have demonstrated improvements in carcass measurements and performance from feeding CrP (Boleman et al., 1995; Lindemann et al., 1995; Lindemann and Purser, 1997) , but some have not (Mooney and Cromwell, 1995; Ward et al., 1995; .
One factor that may be responsible for the inconsistent results from CrP supplementation is the lean gain potential of the pigs. Page et al. (1992) indicated that the improvements in carcass measurements attributed to CrP were greater in commercially obtained, genetically superior pigs than in pigs from their own research herd. This suggests that the lean gain potential of pigs may be a critical factor in the magnitude of the carcass improvements attributed to CrP.
Exogenous administration of porcine somatotropin ( pST) consistently has resulted in pig carcasses with an increased percentage of lean tissue (Etherton et al., 1987; Evock et al., 1988; Carter and Cromwell, 1998) . Only a few studies have assessed the efficacy of CrP in pigs receiving injections of pST, and these studies involved relatively young pigs from 30 to 60 kg BW (Evock-Clover et al., 1993) or pigs given pST at relatively light weights (Evock-Clover and Steele, 1994) . Results of these studies were variable and inconclusive. Our objective was to determine whether the lean gain potential of pigs is associated with the ability of CrP to improve carcass composition and tissue accretion rates. We took two approaches: one involved pigs from two genetic backgrounds that differed in their potential for lean gain and the other involved pigs from the same genetic background, with half receiving pST to enhance lean tissue deposition.
Experimental Procedures
Genetic Background Study (Exp. 1). The protocol for this experiment was approved by the Institutional Animal Care and Use Committee of the University of Kentucky. Twenty barrows from the University of Kentucky Research Herd (referred to as the UK pigs) and 20 barrows from the Pig Improvement Company, Franklin, KY (referred to as the PIC pigs) , were blocked by weight and allotted to four treatment combinations. The UK pigs were Hampshire × Yorkshire crossbreds and averaged 21.5 kg initially. The PIC pigs were from the genetic line used to produce Camborough and Camborough 15 gilts, which have been selected for both reproductive traits and lean growth rate. The average initial weight of the these pigs was 20.0 kg. The barrows were penned within ancestry with two pigs per pen in an environmentally controlled room in pens (1.2 × 1.2 m ) with totally slatted, concrete floors. Pigs were allowed to consume feed from stainless steel self-feeders and water from nipple waterers on an ad libitum basis. The pigs were weighed and feed intakes were determined every 2 wk to 91 kg BW, after which weights and feed intakes were determined weekly until they reached 104 kg.
The basal diet (Table 1 ) consisted of corn and dehulled soybean meal formulated to contain .95% lysine for the growing phase (20 to 55 kg BW) and .80% lysine for the finishing phase (55 to 104 kg BW). These levels of lysine were calculated to provide 125% of the lysine requirement (NRC, 1988) for growingfinishing pigs. The diet was supplemented with minerals and vitamins to meet or exceed the requirements (NRC, 1988) for each growth period. The two dietary treatments consisted of the basal diet supplemented with either 0 (control) or 200 mg/kg of Cr from CrP. Treatments were arranged as a 2 × 2 factorial (Cr × genotype) and consisted of the UK pigs fed the basal or Cr-supplemented diet and the PIC pigs fed the same two diets.
pST Injection Study (Exp. 2) . The protocol for this experiment also was approved by the Institutional Animal Care and Use Committee of the University of Kentucky. Sixty Hampshire-Yorkshire pigs, initially averaging 20.7 kg BW, were blocked by weight and sex and randomly allotted to four treatments. The four treatments consisted of a 2 × 2 factorial arrangement of two diets (basal vs added Cr) given to untreated or pST-treated pigs. There were three pigs per pen and a total of five pen-replications (two pens of barrows and three pens of gilts) per treatment. The pigs were kept in an environmentally controlled room in pens (1.2 × 1.2 m ) with totally slatted, concrete floors. They were allowed to consume feed from stainless steel selffeeders and water from nipple waterers on an ad libitum basis. The pigs were weighed and feed intakes were determined every 2 wk up to 91 kg BW, after which weights and feed intakes were determined weekly until they reached 104.5 kg.
A single basal diet was fed throughout the entire study (Table 2 ) and consisted of corn, dehulled soybean meal, and L-lysine·HCl formulated to contain 1.10% lysine, .75% Ca, and .65% P. The higher levels of lysine, Ca, and P were selected based on the higher requirements for these nutrients in pigs given exogenous pST (Goodband et al., 1990; Carter and Cromwell, 1998) . Other minerals and vitamins were added to the diet to meet or exceed NRC (1988) requirements. The Cr was added as CrP at a level of 200 mg/kg.
The pST (Lot No. V412-001; Monsanto, Chesterfield, MO) was received in vials containing 150 mg of lyophilized pST per vial and was stored at −20°C until needed. It was reconstituted in 50 mL of sterile water to give a final concentration of 3 mg of pST/mL. Those pigs that received pST received daily injections of 3 mg of pST beginning on d 45 of the study, at which time they averaged 54.1 kg BW. The pST was injected in the extensor muscle of the neck each day of the Carcass Data. Upon termination of the experiments, all pigs were humanely killed (electrically stunned followed by exsanguination), dehaired, and eviscerated. The head was removed, and the carcass was split longitudinally. The hot carcass was weighed, chilled at 1°C for 48 h, and carcass measurements were taken. Both sides were measured for each pig, and the values were averaged. Backfat was measured at the carcass midline at the first and last rib and the last lumbar vertebra. Tenth-rib fat thickness was determined at three-fourths of the distance across the longissimus muscle as described by NPPC (1991) , and longissimus muscle area was determined by tracing its surface area at the 10th rib. From those measurements, the percentage of lean (5% fat) in the carcass was estimated using the NPPC (1991) The wholesale cuts and the feet from the left side of each carcass also were frozen for later grinding. The wholesale cuts (left side) in both experiments were ground while frozen in a whole-body grinder (Model 801GH50T, Autio Grinder, Astoria, OR) and extruded through a 6-mm plate three times to ensure a homogeneous mixture. Dry ice was added during the grinding process to prevent any water loss. After grinding, subsamples were repeatedly taken and mixed until a final sample of approximately 500 g was obtained. The final sample was frozen at −30°C until further analysis.
The ground samples were analyzed for protein ( N × 6.25), lipid, water, and ash. Nitrogen was determined by combustion and recovery of N (Foss Heraeus Macro N machine, UIC, Joilet, IL). Lipid content was determined by soaking samples in petroleum ether for three 24-h periods. The ether was changed between batches. After the third 24-h soaking period, the weight of the individual samples remained constant, indicating that essentially all of the lipid had been extracted. Water and ash were determined by AOAC (1984) procedures.
Six additional pigs (not on the experiment) from each of the two genotypes in Exp. 1 and six pigs in Exp. 2 ranging in weight from 16.2 to 24.5 kg BW (Exp. 1 ) and 15.7 to 22.8 kg BW (Exp. 2 ) were killed at the beginning of each experiment for determination of initial body composition. In addition, five nonexperimental barrows and five nonexperimental gilts in Exp. 2 were killed at an average body weight of 56.5 and 58.3 kg BW, respectively, for the determination of body composition at the start of the pST injections, which began at an average body weight of 54.1 kg BW. These initial (and midpoint, Exp. 2 ) pigs were littermates to the pigs assigned to the experimental treatments. The carcasses (left side, both experiments), the right-side ham (Exp. 1), and the rightside longissimus muscle (Exp. 2 ) were ground in the same manner as previously described. In each experi-ment, the amounts of various chemical components from the carcass were regressed on initial BW to develop prediction equations for estimating initial body composition of the experimental pigs. Total gain of water, protein, lipid, and ash for each pig was estimated by subtracting the predicted initial weights of these components (based on its initial body weight) from the final weights of these components for that same pig. The accretion rates of these components were determined by dividing the total gain of each component by the number of days on test.
The diets were analyzed for Cr by Prince Agri Products (Quincy, IL) in the form of the intact CrP molecule using mass spectrophotometric procedures. The diets also were analyzed for protein by combustion and recovery of N (Foss Heraeus Macro N Machine).
Statistical Analysis. In both experiments, the data were analyzed with the GLM procedures of SAS (1988) appropriate for a randomized complete block design with a 2 × 2 factorial treatment structure (Snedecor and Cochran, 1989) . Differences with probability levels of .10 or greater were considered nonsignificant. In Exp. 1, the effect of Cr, genotype, and the Cr × genotype interaction were tested and in Exp. 2, the effect of Cr, pST, and the Cr × pST interaction were tested. The pen was considered the experimental unit in both studies. Final body weight was used as a covariate in the analysis of the standard carcass measurements. Hot carcass weight was used as a covariate in the analysis of the percentage, total gain, and accretion rates of the chemical components from the ham and longissimus muscle, and the entire half-carcass.
Results
Diet Analysis. The Cr concentrations in all of the diets containing added Cr were close to the calculated levels, averaging 204 and 205 mg/kg of Cr for the grower and finisher diets, respectively, in Exp. 1 and 211 mg/kg in Exp. 2. Also, the CP concentrations of the diets approximated the targeted CP concentrations, with the grower and finisher diets averaging 18.4 and 16.5% CP, respectively, in Exp. 1 and the control and CrP diets both averaging 18.0% CP in Exp. 2. Experiment 1. The PIC pigs, of higher lean genotype, gained faster ( P < .01) and more efficiently ( P < .01) than did the UK pigs, of medium lean genotype ( Table 2 ). The faster gains resulted in 8.8 fewer days for the PIC pigs to reach the terminal BW than for the UK pigs.
Hot yield percentage of the carcass tended to be higher for the leaner genotype pigs, but the difference was not significant. The PIC pigs had longer carcasses ( P < .01) with less 10th-rib backfat ( P < .03) and tended to have less average backfat than the UK pigs, but the longissimus areas were similar for the two genotypes. The longer carcasses are attributed to the Landrace breeding in the PIC genotype. The estimated carcass lean was greater ( P < .06) in the PIC pigs than in the UK pigs. The inclusion of Cr as CrP in the diet did not influence any of the performance or carcass traits. In most cases, the probability levels associated with Cr addition were .50 or higher. Also, there was no evidence of a genotype × Cr interaction for any of the traits.
The initial carcass composition of the UK pigs (at 20.8 kg BW) averaged 63.4% water, 16.7% protein, 15.2% lipid, and 3.4% ash, and the initial carcasses of the PIC pigs (at 20.1 kg BW) averaged 69.0% water, 17.8% protein, 9.1% lipid, and 3.4% ash, which indicated that the PIC pigs, even at approximately 20 kg BW, were leaner than the UK pigs. The initial hams from the PIC pigs contained a greater percentage of water (69.9 vs 66.6%) and protein (18.2 vs 17.6%), and a lower percentage of lipid (8.0 vs 11.4%) when compared with the hams of the UK pigs.
The percentages; total gain; and accretion rates of water, protein, lipid, and ash in the carcasses of the pigs are shown in Table 3 . The high lean genotype, PIC pigs had greater percentages of carcass protein ( P < .01), water ( P < .01), and ash ( P < .05) and lower percentages of lipid ( P < .01) than the medium lean genotype, UK pigs. Total gain and accretion rates of protein, water, ash, and lipid followed the same trends as the percentage data except the magnitude of differences between the two genotypes in the accretion data was magnified due to the faster growth rates of the PIC genotype. Most of the differences were significant at P < .01. Chromium supplementation did not influence any of the chemical components ( P = .39 to .96), and there was no evidence of any genotype × Cr interaction ( P = .20 to .99). With respect to the ham tissues (Table 4) , the percentages, total gain, and accretion rates of the chemical components followed trends similar to those for the entire halfcarcasses. An exception was in regard to the protein percentage in which Cr resulted in a trend ( P < .08) toward a higher percentage of protein in the Cr-fed pigs.
Experiment 2. The performance data for the growing period (20.7 to 54.1 kg BW), finishing period (54.1 to 104.5 kg BW), and the entire experimental period (20.7 to 104.5 kg BW) are shown in Table 5 . Because the administration of pST did not begin until the pigs reached 54.1 kg BW, there were no effects of pST on performance during the growing period. During the finishing period and over the entire test period, pST administration resulted in faster and more efficient gains ( P < .01) and reduced feed intakes ( P < .01). The faster growth rates resulted in pST-treated pigs reaching their terminal weight 7.8 d sooner than untreated pigs.
All of the carcass characteristics except carcass length were affected ( P < .01) by pST administration (Table 6 ). The pST-treated pigs had 30% less average backfat, 50% less 10th-rib backfat, 19% larger loin eye areas, and 17% more estimated carcass lean than untreated pigs. Carcass hot yield percentages also were reduced in pigs receiving pST.
Except for a reduction in daily feed intake ( P < .05) and an improvement in feed:gain ratio ( P < .07) during the growing period, Cr supplementation did not affect performance (Table 5 ) or carcass traits ( Table Table 5 than the barrows. Ash content was similar between the two sexes (3.3%). The longissimus muscles from the right carcass of the initial pigs averaged 77.3% water, 20.0% protein, 1.4% lipid, and 1.2% ash. At the midpoint weights, the muscle from the gilts had slightly more water (74.5 vs 73.9%) and protein (22.5 vs 21.7%) and less lipid (1.1 vs 2.2%) than the barrows. The ash content was similar for the two sexes (1.1%). The known differences in body composition in barrows vs gilts at terminal (market) weights were clearly evident at these intermediate body weights of 56 to 58 kg. The percentages, total gains, and accretion rates of water, protein, lipid, and ash in the carcasses of the pigs from 20.7 to 104.5 kg BW are shown in Table 7 , and the total gains and accretion rates from 54.1 to 104.5 kg BW are shown in Table 8 . The administration of pST produced profound increases ( P < . 01) in the percentages; total gains; and accretion rates of carcass protein, water, and ash as well as similar profound decreases ( P < .01) in percentages, gains, and accretion rates of carcass lipid. The patterns in total gain and accretion rates of the chemical components from start to finish (20.7 to 104.5 kg BW) were similar to the gains and accretion rates from the midpoint of the experiment (at 54.1 kg BW, when pST treatment began) to the end of the experiment. The Cr addition to the diet did not affect any of the tissue components, and there was no evidence of a Cr × pST interaction for any of the traits. The percentages of water, protein, and ash in the loin tissue were not increased by pST, but the percentages of lipid was decreased ( P < .01) by pST administration (Table 9 ). However, total gain and accretion rates of these tissues were affected by pST administration (Tables 9 and 10) due to the positive effects of pST on BW gain. Again, as in the entire halfcarcass, the feeding of Cr to pigs had no effect on any of the chemical components in loin tissue, and there was no evidence of any interaction between Cr and pST.
Discussion
The involvement of Cr in carbohydrate, lipid, protein, and nucleic acid metabolism is well recognized. Even though its specific function is not clear, Cr is thought to work as a cofactor with insulin (Nielsen, 1994) . Chromium is generally considered an essential nutrient for animals, including swine (NRC, 1997), but the quantitative requirement is not known (NRC, 1998) .
A recent review of Cr (NRC, 1997) indicated that responses of swine to supplemental Cr have been inconsistent; however, there is an increasing amount of evidence indicating that Cr may favorably alter the metabolism of swine under some circumstances, with resultant improvements in growth rate, carcass traits, and reproductive performance. The review also points out that responses to Cr are likely to be inconsistent until the factors that affect the efficacy of dietary Cr inclusion are more clearly defined. The present study attempts to delineate whether the lean growth potential of pigs is one of those factors that influences the response to supplemental Cr.
In the present study, growth performance was not improved by the addition of Cr as CrP to the diet. The lack of an improvement in Exp. 1 is in contrast with a previous study at our station involving Cr (Mooney and Cromwell, 1995) as well as a study by Lein et al. (1996) . However, when weight gain in Exp. 2 was separated into the grower and finisher phases, Cr addition improved growth rate and efficiency of feed utilization from 20 to 55 kg; this is in agreement with a previous 5-wk grower phase study conducted at our station (Mooney and Cromwell, 1997) . These improvements in the current study, however, did not continue during the finisher phase. In a recent study by Green et al. (1997) , in which the effects of CrP on halothane-heterozygous pigs ( Nn) vs halothane-free ( NN) pigs were studied, Cr had no effect on growth performance in either group of pigs. From this and other pig studies with CrP, growth response associated with Cr supplementation, regardless of the genotype of the pig, does not seem to be consistent. Responses in carcass measurements attributed to CrP have also varied from study to study. Some experiments have found improvements (Page et al., 1992 (Page et al., , 1993 Lindemann and Purser, 1997; Porter et al., 1997) , but others have not (Mooney and Cromwell, 1995; O'Quinn et al., 1997; .
In both of our experiments, there was a difference in the carcass lean accretion rates of the two groups of pigs as determined from the NPPC (1991) equations and from an estimate of the carcass fat-free lean gain calculated from an estimate of the whole-body protein accretion rate. In the latter, whole-body protein accretion was estimated by dividing carcass protein accretion by carcass yield percentage; this assumes that the percentages of protein in the carcass and noncarcass tissues are similar. Whole-body protein accretion rate was then converted to carcass fat-free lean gain by multiplying by 2.55 (NRC, 1998) . Based on these calculations, the carcass fat-free lean growth rates were approximately 285 and 365 g/d for the UK and PIC barrows in Exp. 1 and approximately 325 and 410 g/d for the UK, mixed-gender pST-untreated and treated pigs in Exp. 2. These lean growth rates are representative of medium and high lean growth rates (NRC, 1998) .
Despite the increase in propensity for a leaner carcass, the addition of CrP to the diet had no effect on any of the carcass measurements. These findings agree with those of Evock-Clover et al. (1993) , in which CrP was tested in pigs receiving pST. More recently, Green et al. (1997) demonstrated that the Nn pigs in their study were leaner, had a larger longissimus muscle area, and had a greater rate of lean gain than did the NN pigs. However, the effects of CrP were similar to the effects of CrP in our studies, in that CrP did not alter the carcass measurements in either of the genotypes. The failure of supplemental Cr to change the carcass measurements does not agree, however, with the study by Page et al. (1992) . They reported an increased loin muscle area and decreased backfat in the pigs that received CrP, with the greatest improvements occurring in the leaner genotype pigs. The work by Page et al. (1992) is the only reported study that we know of showing that CrP is more efficacious in pigs with a greater lean potential. Our two experiments and the two studies discussed above strongly suggest that Cr is not more efficacious in leaner pigs, and this is further supported by the study of Lindemann and Purser (1997) , which showed that barrows, which are fatter than gilts, respond more to CrP than do gilts.
The ground carcass data further document that, in both studies, we were testing the effects of CrP in groups of pigs that differed in their lean gain potential. The PIC pigs (Exp. 1 ) and the pigs that received pST (Exp. 2 ) had carcasses that contained a greater percentage of water, protein, and ash, and a lower percentage of lipid than controls. The improvements in the carcass from the administration of pST (Exp. 1 ) were greater than when we compared two genotypes (PIC vs UK; Exp. 2); however, there was no benefit from the addition of CrP in either instance. These findings are in contrast to Boleman et al. (1995) and Mooney and Cromwell (1997) , who showed an increase in carcass protein and a decrease in carcass lipid in pigs that received CrP in the diet.
The ground ham data from Exp. 1 paralleled the ground carcass data, with the exception that the CrP pigs had hams with a greater percentage of protein than the control pigs, regardless of genotype. However, the total amount of protein as well as the accretion rate of protein was not significantly different. If one assumes that the increase in protein percentage in the ham was primarily due to an increase in the amount of muscle, then those pigs should contain more muscle in the carcass as well. Unfortunately, we did not physically dissect any muscle from the carcass in this study, and the carcass protein from the left side was not increased due to CrP. Therefore, no strong conclusion can be made based on the observed increase in protein in the ham.
Even though the hams were not analyzed in Exp. 2, the longissimus muscle was removed, and the composition was determined. The pST treatment resulted in a much larger muscle with a greatly reduced percentage of lipid. Similar to the findings in Exp. 1 and the carcass data in this experiment, the addition of CrP to the diet did not alter the percentages of any chemical component of the longissimus muscle. This is in agreement with our previous study in which CrP did not alter the percentages of dissected muscle from the ham (Mooney and Cromwell, 1997) .
Originally, researchers proposed that the reason that some researchers (including us) were unable to achieve the rather large improvements in carcass measurements and carcass composition attributed to CrP that Page et al. (1993) and Lindemann et al. (1995) demonstrated may have been because the pigs were inferior in their potential to deposit lean tissue. The results from the two present studies, however, demonstrate that the efficacy of CrP to increase the lean tissue and decrease the fat in the carcass is not dependent on the pigs' propensity, genetic or otherwise, for lean gain deposition. The results of these studies along with a number of others raise the question of why the success or failure of improvements in carcass leanness from feeding Cr during the growing-finishing period are so inconsistent.
Implications
This research indicates that the supplementation of chromium picolinate in the diets for growing-finishing swine does not alter the carcass measurements or carcass composition. Furthermore, the efficacy of chromium is not dependent on the animal having a high propensity for lean gain deposition.
